New genes consistently associated with schizophrenia include NRG1, Akt, DISC-1 and dysbindin-1. Since these genes participate in neurotransmission, neuroplasticity and neurodevelopment it has not been easy to elucidate which of these roles are abnormal in patients with schizophrenia. Neurite formation is identified as a crucial stage in development, and it is proposed that a defect in neurite formation originating from abnormally encoded proteins by these new genes could be at least an in vitro marker that reflects the most consistent molecular and neuroanatomical findings in schizophrenia. A systematic review of the literature linking the process of neurite formation to genes with replicated evidence that supported their association with schizophrenia was conducted. In addition, an outline of the process of neurite formation was included. Neurite formation was shown to be induced by neuregulins, the product of the gene NRG1. The activation of Akt, a serine/threonine kinase, promoted neurite formation in six independent studies. Conversely, two studies found that Akt inhibits neurite outgrowth. Stronger evidence supporting an association with the new genes related to schizophrenia and neurite formation comes from DISC-1. Defects in DISC-1 protein were shown to directly alter the process of neurite formation. Dysbindin-1 has not yet been directly implicated in neurite outgrowth. These findings suggest that the proteins encoded by NRG1, Akt and DISC-1 are implicated in the process of neurite formation in cellular models as well as, at least in part, animal models during development. Abnormalities in this process could have potential etiologic implications for schizophrenia. Direct evidence, however, of abnormal neurite formation in patients with schizophrenia is still missing. Limitations to this model are identified.
Introduction
Mounting evidence indicates that schizophrenia is a developmental disease that originates from a complex combination of genetic information and environmental factors. [1] [2] [3] [4] [5] [6] Multiple genes have recently been associated with schizophrenia. NRG1, Akt, DISC-1 and dysbindin-1 are new genes with replicated data supporting their association with this illness in different populations. [7] [8] [9] [10] [11] [12] The contribution of these genes, however, to the pathophysiology of schizophrenia is yet to be determined [13] [14] [15] [16] since NRG1, Akt, DISC-1 and dysbindin-1 participate in several neuronal mechanisms.
The most consistent findings in schizophrenia are ventricular enlargement and decreased brain volume involving the hippocampus and cortex. [17] [18] [19] [20] [21] [22] [23] [24] These changes can result from white matter loss or even fluid shifts that affect cellular volume. It is also recognized that a decrease in brain volume accompanied by ventricular enlargement could result from decreased dendrites and axons. 25 This theory is known as the 'reduced neuropil hypothesis'. [25] [26] [27] [28] Evidence that supports this line of thinking comes from findings of increased density of neurons in the cortex of patients with schizophrenia. 25, 28 This increased density of neurons is accompanied by reduced interneuronal space without changes in the number of neurons. 26, 27 Since the interneuronal space is occupied by dendrites and axons known together as neuropil, a decreased interneuronal space indicates that there is a decreased neuropil. [25] [26] [27] [28] Further evidence that is consistent with the 'reduced neuropil hypothesis' comes from measurements of neuronal soma size as it correlates with the extension of the dendritic tree and the axon length. 25, 29, 30 There are replicated findings of reduced neuronal soma size in the hippocampus of patients with schizophrenia. [31] [32] [33] Molecular findings and direct measurements of neuronal processes also support this association between schizophrenia and a reduction in axons and dendrites. The dendritic markers MAP2 and MAP1B were found to be significantly reduced in the subiculum and entorhinal cortex in studies of post-mortem patients with schizophrenia. 34 In addition, loss of MAP2 was also reported in the medial prefrontal cortex (PFC) of patients with this same disorder. 35 A decrease in dendritic length was encountered by a 3D image analysis on the PFC of patients with schizophrenia 36 and similar results were evidenced in the hippocampus. 37 Reduced interneuronal space, decreased dendritic markers, smaller neuronal soma sizes and a reduction in dendritic length are all findings that support the 'reduced neuropil hypothesis'. 25 This hypothesis could provide a neuroanatomical explanation for the aberrant connectivity between structures that has been proposed as the origin of psychotic symptoms. [38] [39] [40] [41] What has not been explained is how this aberrant connectivity comes about.
One possibility for this aberrant disconnectivity, to be explored in this paper, is that the genes recently found to be associated with schizophrenia encode defective proteins that alter the process of neurite formation and that this could constitute an etiological factor for schizophrenia. Therefore, the first goal of this paper is to review the process of neurite formation exposing downstream cascades that could be potentially affected by proteins encoded by the genes recently associated with this illness. The second and principal goal is to determine whether there is evidence in the literature that these new genes, namely NRG1, Akt, dysbindin-1 and DISC-1, are implicated in this fundamental process of neuronal development.
Methods
A number of biomedical databases were searched including MEDLINE and Cochrane. The main search terms used included neurite formation, NRG1, Akt, Dysbindin-1, DISC-1 and schizophrenia. The search was limited to studies published in the English language. No restrictions were applied for type of model utilized such as animal or cellular or year of publication. In addition, to provide an overview about neurite formation, articles related to this process were sought and included when applicable. Finally, the reference lists of selected articles were scanned for additional references.
Neurite formation
Function of the central nervous system (CNS) relies on neuronal structure, which allows interconnections among cells and therefore the transmission of information. For neurons to be connected they need to develop an intricate structure based on neuronal processes known as dendrites and axons. These neuronal processes originate from immature extensions called neurites.
The process of neurite formation is influenced by the genetic information that the cell carries, considered intrinsic factors. Extrinsic factors, which constitute the interactions of the cell with its environment, also contribute to this process. 42 , 43 The extrinsic factors that have been implicated in neurite formation consist mainly of growth factors. Among these are nerve growth factor (NGF) and insulin-like growth factor (IGF). [44] [45] [46] Hormones like estrogens, cortisol, growth hormone, melatonin, T3 and T4 also participate in neuritogenesis as extrinsic factors as well. [47] [48] [49] [50] [51] The extracellular environment influences neuronal differentiation through tenascins, hyaluronan and the adhesion molecules collagen and laminin among others. [52] [53] [54] Several types of receptors such as Trk interact with the environment of the neuron, inducing cell membrane changes mediated by increases in calcium and other second messenger events 55, 56 that result in neurite protrusion. Da Silva and Dotti 57 proposed that neurite sprouting might be determined by the presence of microdomains or 'hot spots' on the plasma membrane. The difference between these portions of the membrane and the rest of the bilipid layer could reside in the type of receptors and associated proteins that they express.
The structural changes begin with the formation at the edge of the neuron of a lamellipodium, 58 a sheetlike extension that consists of an actin meshwork (Figure 1 ). This lamellipodium produces the necessary adhesion and tension for the neuron to start the process of neurite sprouting. 57 Microtubules inside the immature cell rearrange in direction of this newly formed lamellipodium. 59, 60 A neurite shaft is formed when the lamellipodium is separated from the membrane cell by the microtubules behind it (Figure 1) . A growth cone is formed once microtubules, carrying with them mitochondria, vesicles and other organelles invade the lamellipodium. 61 At the periphery of the growth cones long thin protrusions composed of F-actin bundles are formed. 57, 62, 63 These outgrowth bundles are known as fillopodium and their role is to sense and respond to environmental cues as well as to provide guidance for microtubule growth inside the growth cone. 64 Actin polymerization at the leading edge of the growth cone moves the neurite forward. 65, 66 Myosin on the other hand moves actin filaments to the center of the growth cone 67 where they are depolymerized into actin monomers that can be reutilized for actin polymerization and further formation of fillopodia. Neurite elongation prevails as long as actin polymerization continues and microtubules invade the periphery of the growth cone.
are thought to be the link between these two cytoskeletal components. 61 The specific role of MAPs (including tau, a low-molecular weight MAP) remains unclear but their presence appears to be vital for neuritogenesis as depletion of MAP2 and tau has been found to inhibit neurite formation in cerebellar neurons. 70, 71 In addition, blocking the expression of MAP2 decreases dendrite growth in vivo 72 while generating low levels of tau can inhibit axon growth. 73 It is known that MAP2 and tau promote and stabilize microtubules polymerization, 42 which is a fundamental process for neurite formation. 61 Transfection of non-neuronal cells with the genes that express MAP2 induces the formation of neurite-like processes 74 while the transfection of non-neuronal MAPs like MAP4 does not result in any kind of outgrowth.
75
MAP1 also appears to be a key regulator of neurite outgrowth 76 as it also promotes microtubule polymerization.
77 MAP1B appears to be directly involved in neuritogenesis since its expression is highest during development while MAP1A is more abundant in mature neurons. 78 In summary, the process of neurite formation involves several structures including the cytoskeleton, and some of its component parts such as microfilaments, microtubules, MAPs like MAP1, MAP2 and tau. This process appears to be highly regulated with a machinery that we are just beginning to understand.
NRG1
Five studies done independently with different populations of patients have found a relationship between NRG1, which is a protein structurally related to the epidermal growth factor family 79 and schizophrenia. [80] [81] [82] [83] [84] Even though no functional mutation has been identified, [80] [81] [82] [83] [84] [85] [86] a recent study reported abnormalities in NRG1 mRNA isoforms in the PFC of schizophrenic patients, 87 suggesting a defect on the NRG1 gene. Moreover, erbB3, one of the three receptors currently identified as transducers of neuregulin (NRG) signaling, 79 is decreased by almost 50% in patients with chronic schizophrenia. 88 Abnormalities in NRG1 and erbB could compromise the NRG-erbB signaling, and as a result the process in which this signaling takes place. 89 Among the variety of functions NRGs posses in the CNS, their role in neurite formation stands out since it is a crucial stage in neuronal development. Without neurites, which are immature forms of dendrites and axons, neurons are unable to accomplish their ultimate goal of receiving and transmitting information. The process of neurite formation is complex and the exact role of NRGs is still to be determined. There are however, several studies that link these molecules to the process of neurite formation, some of them during early phases of development.
NRGs present in a cultured-sciatic nerve conditioned medium induced a 20% increased in short neurites and a 40% increased in long neurites of PC12 pheochromocytoma cells. 90 NRG1 and NRG3 were the suggested isoforms of NRGs involved in this process. 90 A different study, also done in PC12 cells which is a widely accepted model for neurodevelopment, showed that the activation of receptors erbB2 and erbB3 by NRG promoted neurite outgrowth. 91 Erb4, another NRG receptor has also been implicated in neurite outgrowth through the activation of the mitogen-activated protein kinase (MAPK) as well as protein kinase C (PKC) in PC12 cells. 92 The downstream cascade of MAPK and PKC was not tested although there is evidence from other studies that the activation of Cdc42 by PKC-induced fillopodium formation. 93 Activation of Rac by this same protein kinase resulted in actin polymerization leading to the formation of lamellipodium. 94 Both filopodium and lamellipodium are actin structures that precede neurite formation. 58, 61 NRGs also increased neuronal processes length in cerebellar granule cells and it was suggested that this process could be regulated in vivo through the New genes associated with schizophrenia in neurite formation A Bellon activation of the erbB family receptors. 95 The activation of erbB2, erbB3 and erbB4 by NRGs has been shown to induce neurite formation in cell cultures of embryonic and newborn rat retinal cells, 96 supporting a possible role of these molecules in the regulation of neurite outgrowth in vivo.
It has also been reported, form a study done with pluripotential cells, that NRGs inhibit neurite outgrowth. 97 Arguments have been raised criticizing these results on the basis that the model did not allow for the exclusion of other molecules in the putative NRG inhibition of neurite outgrowth. 95 The use of pluripotential cells could induce a wide variety of phenotypes making the results uncertain.
In summary, despite NRGs either inducing or inhibiting neurite formation the studies presented here suggest that NRGs may have a role in the process of neurite formation, particularly during CNS development.
AKT1
14 to point to Akt1 as another gene associated with schizophrenia. Since then three independent groups have replicated this evidence in different populations.
98-100 Furthermore, two of the studies found associations with schizophrenia and the same haplotype composed of SNP2/SNP3/SNP4 (TCG) in patients with European origin. 14, 99 There are however, three other studies with Asian populations that found no association between Akt1 and schizophrenia. [101] [102] [103] There is still controversy about how promising Akt1 is as a susceptibility gene, although Akt1 has been included in several recent reviews that concern the pathophysiology of schizophrenia. 7, 9, 10, 13 Akt1 protein serves as a serine/threonine kinase implicated in a variety of cell functions. [104] [105] [106] One of the main and most widely recognized functions of Akt is neurotrophin-induced cell survival through the phosphorylation and deactivation of glycogen synthase kinase-3 (GSK-3). 104, 105 Indeed abnormalities altering the Akt/GSK-3 signaling cascade result in increased apoptosis of neurons including hippocampal stem cells. 107, 108 Increased apoptosis due to abnormalities in Akt signaling could contribute to the pathophysiology of schizophrenia. 109 Furthermore, Akt has been linked to glutamatergic and GABAergic (g-aminobutyric acid) neurotransmission. 110, 111 Abnormalities in these two neurotransmitters have been described in postmortem studies of patients with schizophrenia and it is believed that GABA and glutamate play a significant role in the pathophysiology of this illness. 110, 111 In addition to Akt functions in cell survival, apoptosis and neurotransmission, this serine/threonine kinase is also involved in cell proliferation, glucose metabolism, angiogenesis and cell motility. 106 Due to the multiple core roles of Akt in different cell functions it is likely that Akt's implication in the pathophysiology of schizophrenia, if any, would involve several aspects of cell dynamics.
Defining the true relationship between schizophrenia and Akt is still a work in progress. In an attempt to open new avenues for research this section will focus solely on the association of this serine/threonine kinase and the process of neurite formation. [112] [113] [114] [115] [116] [117] [118] [119] This by no means should be considered as an exclusion of all the other possible roles of Akt in different cell functions which have potential implications in the pathophysiology of schizophrenia.
The earliest study directly involving Akt in the process of neurite formation suggested that Akt promoted neurite elongation in vitro and in vivo 112 through possible downstream mechanisms involving cAMP response element-binding protein 120 and GSK-3. 121 In addition, it was determined that this serine/threonine kinase promotes axon regeneration in vivo in adult rats. 112 Overexpression of Akt in embryonic dorsal root ganglion neurons resulted in an enlarged axon caliber and in an increased number of axon branches. 113 These changes were explained by a possible interaction between Akt and Rac 1. 122 Rac 1 is a small Rho GTPase capable of regulating the actin cytoskeleton during neurite outgrowth. 63 This Rho GTPase was found to induce lamellipodium formation upon activation. 123 Inhibition of GSK-3 by Akt 124 was also suggested as a possible mechanism of microtubule polymerization resulting in axon branching. 125 The IGF-1 and the NGF have been associated with the activation of the PI3/Akt pathway leading to neurite outgrowth. 114, 116 The activation of this pathway in hippocampal cells induced membrane assembly at the axonal growth cone, a key parameter of axonal growth. [126] [127] [128] [129] [130] Whereas in PC12 cells the PI3/Akt signaling mechanism was accompanied by an increase in neurofilament protein NF68 a marker of neuronal differentiation. 114, 131, 132 Three studies done with PC12 cells 114, 115, 117 and one done with hippocampal cells 116 found that Akt activation was followed by GSK-3 phosphorylation which as a result can lead to microtubule polymerization 112 and consequently, neurite formation. It has also been proposed that the PI3/Akt pathway activates Cdc42, 116 a member of the Rho GTPases family. Cdc42 activation induces fillopodium formation, 69 one of the structures that precedes neurite outgrowth.
Contrary to the studies presented above, two independent studies have reported that overexpression of Akt resulted in neurite outgrowth inhibition in PC12 cells. 133, 134 Another study done with PC12 cells also found that Akt activation resulted in inhibition of neurite branching accompanied, however, by neurite elongation. 118 These results contrasted with previous reports in which Akt activation was associated with increased branching in mouse sensory neurons. 113 The authors suggested that the contradictory findings occurred as a consequence of the multiple signals that can result following the activation of Trk receptors by NGF. 118 A theoretical explanation for this contradictory result can be explained by Jiang and colleagues
New genes associated with schizophrenia in neurite formation A Bellon results. 135 They suggested that GSK-3b inhibition by Akt is necessary for axon development but not for dendrite formation 135 in a model of neuronal polarity with mammalian neurons from the hippocampus. 136 Therefore, it is possible that studies reporting inhibition of neurite formation by Akt were measuring neurites that were to become dendrites while the opposite can be suggested when the neurites analyzed were to become axons or that axon formation prevents dendrite development at least in some stages of differentiation. 58 Another possible explanation would be that the PC12 cells studied were in different stages of development which directly influences the type of neurite to be formed, whether axons or dendrites. 58 In summary, Akt appears to be involved in the regulation of neurite formation. GSK-3b inhibition resulting in microtubule polymerization and the activation of small Rho GTPases appears the most likely downstream signal for this serine/threonine kinase in this developmental process. The Akt role in the process of neurite formation is still to be determined. This role would only be one of the many cellular functions in which Akt is involved.
DISC-1
A balanced translocation (1;11)(q42.1;q14.3) that segregates with schizophrenia and related disorders was recently found in a large Scottish family. 137, 138 This translocation affects the DISC-1 gene and results in a defective DISC-1 protein that lacks a carboxyterminal.
15,139 DISC-1 has also been identified as a potential etiological gene by linkage and association studies in Finish families. 140 Furthermore, a casecontrol study of a North American white population encountered that variation at the DISC-1 locus predisposes individuals to schizophrenia, schizoaffective and bipolar disorders. 141 Finally, another study reported a frameshift mutation in DISC-1 in a family with schizophrenia and schizoaffective disorder further supporting the evidence that DISC-1 can confer susceptibility to schizophrenia and other thought disorders. 139 The role of DISC-1 protein is not entirely understood but is thought to be involved in neuronal migration, synaptogenesis and glutamatergic transmission. [142] [143] [144] [145] In addition, three recent studies done independently have directly related DISC-1 to the process of neurite formation. 15, 16, 144 Transfection of mutant DISC-1 into PC12 cells resulted in shorter neurites 16 while decreasing the expression of DISC-1 by RNA interference-inhibited neurite outgrowth in these same cells. 15 Moreover, in utero gene-transfer techniques have shown that DISC-1 loss induces shorter dendrites randomly oriented in the cerebral cortex of rat embryos. The proposed mechanism of action that induced abnormalities in the process of neurite formation was DISC-1 failure to interact properly with the cytoskeleton. 16 A deficient interaction between DISC-1 and the cytoskeleton appears to result in defective microtubular dynamics. 15 Further support of the interaction between DISC-1 and the cytoskeleton comes form a study by Miyoshi et al., 144 who found that neuronal process formation was enhanced by the overexpression of DISC-1 protein in PC12 cells. The authors provided evidence that DISC-1 protein interacts with fasciculation and elongation protein zeta-1 (FEZ-1), which is a protein involved in axon elongation. 146, 147 This interaction was associated with the actin cytoskeleton and its inhibition resulted in abnormal neurite outgrowth. 144 It was concluded that DISC-1 is a cytoskeletal-associated protein highly expressed during rat development which mutation could compromise its interaction with FEZ-1 and the actin cytoskeleton ultimately resulting in psychiatric disorders like schizophrenia. 144 In summary, it appears that a mutation on DISC-1 could compromise neurite outgrowth since DISC-1 protein participates in this developmental process in PC12 cells either through the interaction with the actin cytoskeleton or via microtubular dynamics.
Dysbindin-1
Certain haplotypes of single nucleotide polymorphisms in the dysbindin-1 (dystrobrevin-binding protein 1) gene have consistently been associated with schizophrenia by several independent groups within different populations. 82, [148] [149] [150] [151] [152] [153] [154] [155] [156] The role of dysbindin-1 protein remains poorly understood but the association of this protein with schizophrenia initiated an intensive search for new mechanisms of action in addition to its possible role in the pathogenesis of muscular dystrophy. 157 Dysbindin has been linked to the PI3K-Akt signaling pathway. Numakawa et al. 156 showed that decreased dysbindin protein in cortical neuronal cultures attenuated Akt signaling and as a result increased neuronal death. It is still to be determined if Akt signaling disruption by dysbindin also affects neurite formation. Currently, there is no association between dysbindin-1 and the process of neurite outgrowth.
Discussion
The recent discovery of several susceptibility genes implicated in schizophrenia opens new possibilities for the understanding of this disorder. What has been shown in this paper is that proteins encoded by NRG1, Akt1 and DISC-1 are implicated in the process of neurite formation in cellular and animal models of neurodevelopment. Establishing if there are any abnormalities in the process of neurite formation in patients with schizophrenia would be the next step in determining any potential etiologic implications of this crucial step in development to schizophrenia.
The genetic component of schizophrenia appears to be rather complex and does not follow a common Mendelian pattern of heritability. A multilocus model has been proposed to explain the pattern of heritability of this enigmatic illness. 158 This model proposes that a combination of multiple genetic
New genes associated with schizophrenia in neurite formation A Bellon factors is necessary for schizophrenia to occur. 158 Therefore it is likely that more than one gene is implicated in the development of schizophrenia. Consistent with this model is the data currently available that link the function of NRG with Akt as NRG appears to activate the Akt signaling cascade. 159, 160 In addition, dysbindin has also been linked to the activation of Akt 156 and it was very recently shown that knockdown of DISC-1 resulted in inhibition of Akt phosphorylation. 161 These signaling pathways that involve more than one of the new genes associated with schizophrenia have not yet been related to the process of neurite formation. The complexity, however, of the pathophysiology of schizophrenia suggests that a process rather than a single defect or abnormality is altered in this illness making a neurite-based pathophysiological model worth exploring.
The multiple loci model of heritability for schizophrenia also suggests that environmental variables can impact the development of this illness. 158 Identified environmental factors that have been linked to the development of schizophrenia such as maternal infection during pregnancy and stress also affect neurite outgrowth. [162] [163] [164] Maternal infection during pregnancy is associated with increased inflammatory cytokines IL-1b, IL-6 and TNFa, [165] [166] [167] which in turn have been shown to reduce dendrite development in cortical neurons of embryonic rats. 168 Consequently, it has been proposed that the higher incidence of schizophrenia observed in the offspring after prenatal maternal infection 162, 163 could result from abnormal dendritic development due to these increased levels of inflammatory cytokines. 168 Stress has also been implicated in defective neurite formation. Animal models of stress induce schizophrenia-like responses in auditory gating. 169 This animal model of stress was recently found to induce a decrease in dendritic length of pyramidal neurons from the hippocampus of rats. 170 A delicate balance between growth and elimination of synaptic connections appears to take place throughout life in response to learning and experience. 63 Elimination of synaptic connections peaks during adolescence as part of normal development and is likely to refine brain performance. 171 It is also adolescence when schizophrenia typically appears. 172 A link between excessive removal of neuritic connections and auditory hallucinations was proposed by Hoffman and McGlashan 171 based on their computer model of neuronal networks. Moreover, data coming from current neuroimaging techniques 173, 174 and postmortem studies [25] [26] [27] [28] suggest that there is increased pruning in patients with schizophrenia. The process of pruning synaptic connections, however, is still poorly understood.
There have been several attempts to identify whether pruning affects certain areas of the brain or if specific tracts are targeted. It has been proposed that intrinsic systems are affected to a greater extent than associational systems in layer 3 of the dorsolateral prefrontal cortex (DLPFC). 175 An explanation for this excessive pruning in patients with schizophrenia is still lacking but is possible that it originates in defective neurite formation as abnormal neurites might be prone to extensive removal. There is not enough information to draw any definite conclusions in the role of encoded proteins by the new genes associated with schizophrenia and the excessive pruning observed in these patients. Nevertheless, it is noteworthy that the extensive removal of synaptic connections with potential etiologic implications for schizophrenia as proposed by Lewis and GonzalezBurgos occurs in the same area of the brain namely the PFC where decreased levels of NRG and Akt have been found. 14, 87, 175 It is still to be determined if this excessive pruning occurs only in specific areas of the brain or if it affects just certain layers such as layer 3 of the DLPFC.
Disconnectivity between brain structures has also been proposed as a potential factor implicated on the basis of psychosis. 38, 40, 41 Abnormalities in the process of neurite formation are consistent with this line of thinking as defective neurites might be unable to reach their targets, consequently affecting the establishment of normal connections. Nevertheless, with the information currently available this possibility could only stand as a hypothesis. Further research in this direction is needed to establish whether the process of neurite formation is at all implicated in the disconnectivity between brain structures.
In conclusion, the link between the proteins encoded by NRG1, DISC-1 and Akt and the process of neurite formation in patients with schizophrenia is still to be determined, because the evidence presented here comes mostly from cellular models only. No conclusions can be reached yet with the information presented here as data obtained from in vitro models do not necessarily apply to brain conditions in vivo. It should also be appreciated that the neurite-based pathophysiological model presented here only provides one plausible etiological model for schizophrenia; a thorough understanding of this complex illness should come from different lines of thinking. Further research needs to be pursued linking the new genes associated with schizophrenia to the process of neurite formation. First, abnormalities in this fundamental process for development in patients with schizophrenia need to be determined. Second, the relative contribution of defective neurite formation to the pathophysiology of this illness has yet to be established.
